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Synthesis of the new carbohydrate Ibuprofen ester as
possible prodrug
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University of Kerbala,Colleg of Science,Unite of Chemistry (Carbohydrat chemistry)

Abstract:
Synthesis of new ibuprofen ester (5) is described . Ester formation was achieved by
esterification of the ibuprofen carboxylic acid (1) with diacetone fructose (3) The structure
of synthesized compounds were characterized by means of FTIR and UV, Preliminary
results showed that the prepared fructose-drug conjugates underwent hydrolysis and
released the pound ibuprofen and fructose. However, detailed kinetic studies of chemical
and potential enzyme hydrolysis still remain to be down.
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INTRODUCTION

The term “prodrug” or “proagent” was first introduced by Albert' to signify
pharmacologically inactive chemical derivatives that could be wused to alter the
physicochemical properties of drugs, in a temporary manner, to increase their usefulness
and/or to decrease associated toxicity. Since Albert discussed the concept of prodrugs in the
late 1950s, the use of the term implies a covalent link between a drug and a chemical moiety,
though some authors also use it to characterize some forms of salts of the active drug
molecule. Although there is no strict universal definition for a prodrug itself, and the
definition may vary from author to author, generally prodrugs can be defined as
pharmacologically inert chemical derivatives that can be converted in vivo to the active drug
molecules, enzymatically or nonenzymatically, to exert a therapeutic effect. Ideally, the
prodrug should be converted to the original drug as soon as the goal is achieved, followed by
the subsequent rapid elimination of the released derivatizing group*.
Carbohydrate-drug conjugates connected by potentially metabolisable sacrificial linkages,
such as esters, have high potential utility as prodrugs in which the glycan moiety affords
both protection and specific transport
properties °.
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This prodrugs have been prepared to increase the bioavailability ¢, solubility ’, activity 2,
and the selectivity *'°. Ibuprofen , apotent nonsteroidal anti-inflammatory drug, has been
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widely used in the treatment of pain and inflammation. ***? Unfortunately, like other
nonsteriodal anti-inflammatory agents , ibuprofen carries some side effects such as
gastrointestinal irritation ****. Therfor, the ester prodrugs of ibuprofen were synthezied with
the intention of reducing the side effects™. It is known that some
carbohydrate ester pro-drugs have antibiotic activity. In the light of these results, | aimed to
develop carbamate-linked sugars (fructose) with ibuprofen because this linkage is stable
in aqueous solution and could be hydrolyzed by glycosidases'’ and no other toxic groups
are released from the linkage portion of the molecule , also this may reducing the side effects
of ibuprofen and increasing the tissue distribution .

EXPERIMENTAL
Melting points were determined on Buch , 510 melting point appartus and remained
uncorrected. Infrared (FTIR) spectra were recording on a Beckman . R-8

spectrophotometer UV spectra were carrid out using an Hp 845 2A diode array
spectrophotometer, and the wave numbers reported are referenced to the 200 n.m Cm™ of
chloroform , TLC was performed on silica gel plates kieselgel 60 F245 (Merck , Germany)
and the following solvents and solvent mixtures were used : CH2CI2: CH3OH,
CH20H,C6H6 (2:10), EtOA: CH30H (1:5), EtOA: CH30H (5:1) . Spots were visualized by
short-wave UV light and iodine vapor. Column chromatography was performed on silica gel
eluent with chloroform. Ibuprofen anhydrous was supplied from Samarra drug industries
Samarra,lraq , the purity of this compound is checked according to m.p and Meric index
.All solvents were distilled and dried prior to use. Pyridine was

refluxed with K2CO3 for 5 h . then fractional distillation over anhydrous K2CO3, glass
ware was dried over night in an oven at 130° C and cooled in a desicator over anhydrous
CaCl2 orsilica gel.

General procedure for the compounds synthesis
2,3:4,5-di-O-isopropyline 0 -D fructopyranose (3) .

Compound (3) was synthesized fromJJ -D —fructose in acetone following the published
procedure. *

Ibuprofenoyl chloride (2).

Dry powdered of ibuprofen (1 gm, 5 m mol) was placed in distillation flask, redistilled
thionyl chloride was added . The mixture was then refluxed with shaking for 3 h. , the flask,
was cooled the condenser detached and the flask was heated carefully over the hot plate at 60
%C with accessional shaking for 20 minut~-
1-diacetone fructosyl ibuprofen ester (¢

Compound (3)(1 gm, 3.8 m.mol) was aissoived in anhydrous pyridine (10 mL), ibuprofen
chloride (2) (0 .85gm, 3.8 m.mol) was added , stirred for 24 h. at room temperature, a mixture
of water-chloroform (30 mL) (1:2), filtered and the organic layer was separated, washed with
water dride over MgSO4 , filtered , evaporation under reduced pressure.
1-fructocyl ibuprofen ester (5).

Compound (4) (1 gm, 2.3 m. mol) w
with 0.5 N (HCl)for 3h.at 25 °C.

RESULTS:

In this paper, a new and convenient method of ibuprofen ester preparation via [1-D-
fructose was reported . In the first step, carboxylic acid group of ibuprofen was converted to
its chloride (2) by reaction with dry thionyl chloride in 45.4% yield , then reacted with
2,3:4,5-di-O-isopropylidine-J-D- fructopyranose (3). 1-diacetone fructocyl ibuprofen ester
(4) was formed, then

8" olved in 10 mL of chloroform , then stirring
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stirring with 0.5 N of HCI giving the corresponding ester in 50 % (Scheme 1). The following
compounds were synthesized: (2),(3), (4) and (5). All except (3), are new compounds.
Compound (3) was previously synthesised, but the literature report ** gave no spectroscopic
characterisation. Therefore , its spectroscopic data are reported here, together with the data
for the new compounds.
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Scheml : i) acetone , 36 C °, FeClI3, 10 h. : ii) SOCI2, 60 C° 3 hr. : iii) pyridine,
25° C 24 hr. : vi) (0.5 N) HCI , 6 h.

The ester preparation proceeded in mild condition, at room temperature

spectral assignment of all synthesized confirmed their structures. FTIR spectra of (5) showed
the characteristic absorbtion bands for OH at v 3400 , v C-H aliphatic at 2800 , v C=0 ester
1739. The parallel display of FTIR spectra of ibuproven (1), ibuprofen chloride (2) , 1-
diacetone fructosyl ibuprofen ester (4). and 1-fructocyl ibuprofen ester (5) is presented in
(Figure 1,2). Reaction conditions, yields, physical, FTIR spectroscopic, UV and Rf are given
in (Table 1).
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Figure /1. FTIR spectra of a/Oibuprofen (1) and b /ibuprofen chloride (2)
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Figure /2. FTIR spectra of c¢/Ocompound (4), and d/compound (5).

Figure / 3. UV spectra of compounds (2,4,5)

i
I o
w <
: 2 : a DATA PROCESSING Y N 7
> : «2.008a8
w ]
- 1]
- | ] o
“x ] -
=2 1] -
] o
1 ~ I @ 2
. H
2.
; (ﬁ/E?S.)
:
I 0 ™
] = W
w | o ™
f @ 1 ea® 4
' “r ] D e
= H
@ ]
& E o) ‘G800 %
' i 2 r‘; 260 .0 180 . 0CNM-DIV, » 1108'.‘3
TR N 3112 ®8-s82 '90 [Oee enn o.caqqal
- - —_—— S —
1
1 -+ -
w5 e
O\ R DATA FROCESSING Y~sM 7
A Lt g ~ :
> : +2.00AR
w ]
o |
=1 ) 9 o
a | - -
=g [IL - B - ) 1
] N =
I =~ 1 & w
- i
2.500
: uug?u.) L ]
:
I~ MM
I & = M
e e o |
| o | g 9 .
I < : 0 0 -
= |
T - i
u LY i o +9.064a ~ ol
' PRE B B 200.9 198.8¢NM/DIU. ) 1180.9
e E p-Si 3:19 @/,082 'e6 [Tige.9nn__@.003a|
|
}
|
)
o~
o
w e
B ST DATA PROCESSING Y/N 7
- e y —_— ~
A g +1.58A4 ]
[11] ]
- 1]
- LI
< 53 : 1
2 i e
| R
1 K1 N
| ]
: g.209
) cas0Iu.) T 1
i
]
i o @
I w
[7 IR IR ) 4
I @ 1 . -
I & : = -
3% \ [
T )
] 1
u e +8.80A e
) e 280.8 188 . 8CNM-DTU ., ) 1160.8
o P E Hib @:18 9,82 ‘29 [1i6D.0NN _ -0.176A]
|



Jornal of kerbala University , Vol. No Scientific. 2007

> — o) © o
o ™ < ©
- N ~N N ~
o OI -
Ty} To) Lo
o 0o Lo [Se}
— © ﬁ o))
- | o . N
£ B & & J
—_— — - HLO [s2)
— X - o e -
b e ™ < [Xp Jer] o
S 2 8 2 <
> N S N —
— S < L
— 0 N ™
™ — o ps
™ ™
— — [9\}
c N [ —
w2 (<5 g O =) O
AN > — (@) = I
N— — [¢}] o —
s o Qo ] > T
8 n < o O
C
-] o
—_ <
(@] o - o
o RIS © o) ™ e
S > ~
o
S @
“s Ele S ™ S ™
I—
%
©
= 2o S - ' .
kS =
e
>
©
C
©
No) Y— © ~ a3 o}
S T ) p © )
S o o S o
[
o
=
s R
g | 2 5
o)
- s 3 8 g
s o —~ o (@) —~ @)
o = S & o ©° &5 T g S
= To)
] s T © — 9 T ™ T o)
— N T < ™
= (q\] ~— N [Te) ~— (@)) ~—
L [&] i C\ii) ~ N —
— < O O O O
m
< =
[
o
g‘z o N < o
O

CONCLUSIONS

In this work fructose was used to synthises a new carbohydrate ibuprofen ester (5) by
esterification of its carboxylic acid group by one of the fructose hydroxyl groups .
Preliminary results showed that the prepared fructose-drug conjugates underwent hydrolysis
and released the pound ibuprofen and fructose. However, detailed kinetic studies of chemical
and potential enzyme hydrolysis still remain to be doun .

Acknowledgements
This work was supported by chemistry Department / gollege of Since Baghdad university.



Jornal of kerbala University , Vol. No Scientific. 2007

Reference:

1-Albert A." Chemical aspects of selective toxicity". Nature. 182,(1958): 421- 423
2-V.J Stella, W.N Charman, V. H Naringrekar Drugs. 29, (1985): 455- 473.

3-P. K Banerjee , G. L Amidon. " Design of prodrugs based on enzymes-substrate
specificity”. In: Bundgaard H, ed. " Design of Prodrugs . New

York :Elsevier; 1985:93-133.

4-T.Cheng, B. Chen, J. Chern, M. F. Wu , and S. R. Roffler ,Bioconjugate
Chem. 11 (2000) 258-266

5-R. D. Egleton, S. A. Michell, J. D. Huber, J. Janders, D. Stropova, R. Polt , H. I
Yamamura, V. J. Hruby and T. P. Davis, Brain Res., 881,(2000) :37. 6- T. B. Cai, D. Lu, X.
Tang, Y. Zhang , M. Landerholm , and P. G. Wang J. Org. Chem. 70 ,(2005) : 3518-3524.
7-S.D.Kuduk,; F. F.Zheng,; L.Sepp-Lorenzino, N.Rosen , S. J. Danishefsky."Synthesis and
evaluation of geldanamycin estradiol hybrids"”. Bioorg. Med. Chem. Lett. 9, (1999 ):1233-
1238.

8-B. G. Davis and M. A. Robinson ,Current Opinion in Drug Discovery and Development
5,(2002): 279-288. 9- M. A. Robinson. S. T. Charlton. P, Garnier, X. Wang , S. S.
Davis, A. C. Perkins , F. R. Duncan T. J. Savage , D. A. Wyatt , S. A. Watson and B. G.
Davis , PNAS 101, (2004):14527- 14527.

10- H. Cheng, X. Cao, M. Xian, L. Fang, T. B.Cai, J. Jia Ji, J. B. Tunac, D.Sun, and P. G.
Wang, J. Med. Chem. 48,(2005): 645-652.

11- J. De Ruiter, Principles of Drug Action 2,(2002):1-25

12 - J. Carocyn , M. D. Sachs , American Family Physical , 71, (2005) : 913 -918.

13- B. V. Overmeire , K. S. Dominlek , L. H. van DE Broek, J. Weyler, K. D.Groote and J.P.
Anghendries,” A COMPARISON OF IBUPROFEN AND INDOMETHACIN FOR
CLOSURE OF PATENT DUCTUS ARTERIOSUS "The New England Journal of
Medicine 343,(2000):674-681.

14- H. Suleyman , K. Altynkaynak , F. Goécer , A. Mara , F. Akcay , M. D.Onuk, A.
Gepdiremen , J. Pharmacol., 54,(2002):255-259.

15- X. Zhao, D. Chen, K. Li, and D. Wang , Yakugaku Zasshi, 125, (2005) :733-734.

16-S. V. Bhandarkar, S. H. Neau , " Lipase-catalyzed enantioselective esterification of
flurbiprofen with n-butanol” EJB Electronic Journal of Biotechnology ISSN:
3,(2000): 0717-

17-D. Graaf, M. Pinedo, H. M. Quadir, R. Haisma, H. H. Boren, J. Biochem.  Pharmacol.
65 ,(2003) :1875.

18 - W. Szkrybaba, N . 1. Verona , U.S . Pat. 21,(1976):860 .

10



